This method works in real time and was shown to be free of the phase matching problem, in the Fresnel approximation, and to require only a single frequency. We report the demonstration of such an optical processor and show some sample results.
Spatial convolution and correlation of monochromatic fields can be obtained via four-wave mixing in the common focal plane of a two-lens system such as that shown in Fig. 1 .
Fields 1 and 4 propagate essentially in the z direction, while 2 propagates in the -z direction. All three fields, which are of the same frequency, may contain arbitrary spatial modulation which is different for each wave. Using the notation of Ref. 4, the input amplitudes u 1 (x, y), u 2 (x, y), and u 4 (x, y) in the outer focal planes are Fourier transformed by propagating to the common focal plane. The transformed fields ii 1 , ii 2 , and ii 4 are incident upon a medium of thickness I possessing a third-order nonlinear optical susceptibility x~L. The thickness must satisfy I <2PA /~ax• where r ma. is the spatial extent of the largest u 0 so that the mixing only occurs in the region where the fields are accurate Fourier transforms oftheir respective input fields. 4 The nonlinear polarization PNL = x~L ii lii2iit which is formed in the medium radiates an output field which propagates essentially backward relative to the direction of u 4 • It can be shown that this field, when evaluated at the plane located a distance fin front of lens L, is of the form
where (4ikf) The formation of phase holograms in photorefractive materials has been studied extensively.
11 The situation usually analyzed is one where two plane waves, with angular separation 20, interfere inside the medium to produce a sinusoidal intensity pattern with grating vector k = 41T(sin e )I A.
The excitation of electrons from traps in the energy gap to the conduction band is assumed to be proportional to the intensity. Drift (due to an external de field) and diffusion of the free carriers relative to the positively ionized traps sets up a periodic space-charge field Esc. The amplitude £ 1 of the fundamental component has been shown experimentally 6 .7 and theoretically 12 to be proportional to an e~ternal field E 0 applied perpendicular to the intensity fringes, and to the fringe modulation m = (1 1 1 4 )
The electro-optic effect then modulates the index of refraction with a fundamental period equal to that of the intensity pattern. The phase shift of the index modulation relative to the intensity modulation depends on the writing time and on the relative contributions of drift and diffusion.
13 The amplitude of the fundamental component of the index modulation will be n 1 = ~n~rE 1 a: ~n~rmE 0 a: n6rE 0 (1l 4 ) 112 /2(1 1 + 1 4 ).
. In our experiment, the three beams incident on the crystal are coplanar and linearly polarized perpendicular to that plane. They form three interference patterns, but the optical activity rotates polarizations so as to almost completely reduce the interference involving u 2 • Also, the application of a transverse (perpendicular to z) E 0 enhances only the intefer- and u 3 • Using Kogelnik's formula for diffraction efficiency and including reflection losses at the crystal surface, the output intensity is given by In our case the Bragg angle 0 0 =0 for small enough objects.
For a given power output of the laser, the power diffracted by the crystal is seen to-be maximized when
The experimental arrangement is shown in Fig. 1 . The three beams travel nearly equal path lengths before impinging on the BSO crystal. The coherence length of the laser must be greater than the optical path difference, in this case 8. The cw argon laser has a power output of 1.6 W at 5145 A initially polarized perpendicular to the plane of the figure.
The BSO crystal is lOX lOX3 mm. The applied voltages ranged from 5 to 7 kV. Photographs of the output were taken by placing ASA 400 black and white film directly in the output plane. Exposure times were 1/500 sec. The objects we used included photographic negatives, chrome photomasks, perforated AI foil, and lenses.
Objects of different sizes were accomodated by expanding each beam to the appropriate waist. As seen in Eq. (2), the output of the processor is optimal when the variable beamsplitters, B.S. 1 and B.S. 2, are adjusted to match the intensities 1 1 , 1 2 and 1 4 where they overlap in the transform plane.
Two-image processing is performed by simulating a {J function for the third input. The simulation is accomplished by placing a third lens outside the two-lens system so that it focuses at the third input plane and gives a collimated beam at the transform plane. For objects with real amplitude transmittances u,, the correlation and convolution operations differ only in the sign of the arguments 2 so that correlation can be done by convolving the inverted object and vice versa.
Typical experimental results are shown in Fig. 2 output plane. Table I summarizes the measured results, which agree well with the prediction. The versatility of this processor allows all three inputs to be time varying, but we measured the hologram writing time to be 30 msec (with an applied field of5 kV /em) so that rapidly changing input fields will cause the output to decrease. Another practical problem is that the range of input light intensities is limited by the saturation effect in BSO. The combination of sensitivity to both the amplitude and the phase of the input fields indicates that the correlation processor might be useful for applications such as screening tissue samples for cancer cells.
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The operation of the processor was also tested with purely phase objects. For inputs we used thin lenses having amplitude transmittances t-exp [ -jk (x 
